
9 figure of the second Raman amplifier fiber, and at least a portion of the plurality of 

10 signal wavelengths A, s of the second Raman amplifier fiber having a gaiiyrevel of at 

1 1 least 5 dB; 
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a signal input port coupled to the optical fiber; 

a signal output port coupled to the optical fiber; 

a pump input port coupled to the optical fiber; 

a first lossy member coupled to the optical^fiber and positioned between the first 
and second lengths of Raman amplifier fiber, t$e first lossy member being lossy in at 
least one direction; and 

a pump shunt coupled to the opfltaal fibe£ wherein at least a portion of the one or more 
pump wavelengths A, p is coupled baleen the first length of Raman amplifier fiber and 
the second length of Raman amplifier TH^r. 

2. The multfl-stag^ optical amplifier of claim 1, wherein the pump input 
port is positioned betwe|n^me firsthand second lengths of Raman amplifier fiber. 

3. The mufti-stage optical amplifier of claim 1, wherein the pump shunt is 
coupled to the signarinput port and the signal output port. 

4. The ismilti-stage optical amplifier of claim 1, further comprising: 

a distributed Raman amplifier coupled to the signal input port. 

The multi-stage optical amplifier of claim 4, wherein at least a portion of 
the nj£mp shunt is positioned between the distributed Raman amplifier and the signal 
injmt port. 

6. The multi-stage optical amplifier of claim 1, wherein the first and 
second lengths of Raman amplifier fiber each have a length greater than or equal to 
200m. 
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1 7. The multi-stage optical amplifier of claim 1 , wherein the on^or more 

2 pump wavelengths X p are in the range of 1300 to 1530 nm. X 

1 8. The multi-stage optical amplifier of claim 1, whereinfflhe plurality of 

2 signal wavelengths X s is in the range of 1430 to 1530 nm. / 

1 9. The multi-stage optical amplifier of claim L^herein the first lossy 

2 member is an optical isolator. X 

1 10. The multi-stage optical amplifier ojrclaim 1, wherein the first lossy 

2 member is an add/drop multiplexer. / 

/yj O 1 11. The multi-stag^optical ar^flifier of claim 1 , wherein the first lossy 

• ^ FX, w 

^^1H 2 member is a gain equalization mer^be^f 

l=y 1 12. The multi-stage optical amplifier of claim 1, wherein the first lossy 

2 member is a dispepion competition elemem\ 

O 1 13. The multi-st^ge optical amplifier of claim 1 , wherein at least a portion of 

Ixi \ / 

Q 2 at least one of the Erst anfl second Rajdan amplifier fibers is a dispersion compensating 

1=3= I / f 

3 fiber. \f I 

1 14. The multi-stage optical amplifier of claim 13, wherein at least a portion 

2 of the first an(Lsecond Raman amplifier fibers are dispersion compensating fibers. 

1 15^ The multi-stage optical amplifier of claim 1, wherein the second length 

2 of ampffier fiber has a higher gain than the first length of amplifier fiber. 

1 / 16. The multi-stage optical amplifier of claim 3, further comprising: 

2 / at least one WDM coupler to couple a pump path from the signal input 
2>f port to the signal output port. 

i 1 17. The multi-stage optical amplifier of claim 1, further comprising: 

f 2 a pump source coupled to the pump input port. 
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1 18. The multi-stage optical amplifier of claim 1 , further comprising: 

2 at least one laser diode pump source coupled to th^>ump input port. 

1 19. The multi-stage optical amplifier of claim l,i£irther comprising: 

2 a second lossy member coupled to the pvxnp shunt. 

1 20. The multi-stage optical amplifier o£(elaim 1, wherein the pump shunt 

2 includes an optical fiber. 
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1 21 . A multi-stage ofSdcal ampliper, comprising: 

2 an optical fiber including a first lengfty^f Raman amplifier fiber and a second length of 

3 Raman amplifier fiber, the optical ffleenconfigured to be coupled to a signal source that 

4 produces a plurality of signal wa^lengthsV s and a pump source that produces one or 

5 more pump wavelengths X p , the one or more pump wavelengths X p being less than at 

6 least a portion of She plurality of signal wavelengths A, s , and an optical fiber cut-off 

7 wavelength of at fcast one of the first length of Raman amplifier fiber and the second 

8 length of Raman ara^gjffier fiber tl^ffis less than the one or more pump wavelengths X p; 

9 a signal in^ut port coupled to the optical fiber; 

10 a signal output port coupled to the optical fiber; 

1 1 mimp input port coupled to the optical fiber; 

12 / a first lossy member coupled to the optical fiber and positioned between the first 

13 s aefG second lengths of Raman amplifier fiber, the first lossy member being lossy in at 

14 /least one direction; and 

a pump shunt coupled to the optical fiber, wherein at least a portion of the one or more 

16 pump wavelengths A, p is coupled between the first length of Raman amplifier fiber and 

17 the second length of Raman amplifier fiber. 
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1 22. The multi-stage optical amplifier of claim 21 , wherein the piunpnnput 

2 port is positioned between the first and second lengths of Raman amplifiejmber. 

1 23. The multi-stage optical amplifier of claim 21 , where^nhe pump shunt is 

2 coupled to the signal input port and the signal output port. 
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24. The multi-stage optical amplifier of claim ^^wherein optical fiber cut- 
off wavelengths of the first length of Raman amplifier fioer and the second length of 
Raman amplifier fiber are less than the one or more^ump wavelengths X p 

25. The multi-stage optical amplifier o^xlaim 21, further comprising: 
a distributed Raman amplifier couj$ed to the signal input port. 

26. The multi-stage optical a^ff^ifier of claim 25, wherein at least a portion of 
the pump shunt is positioned between the distributed Raman amplifier and the signal 
input port. 

27. TheWilti^fage optical amplifier of claim 1, wherein the first and 
second lengths of R\n^n amplifier J?oer each have a length greater than or equal to 
200m. 



1 28. iftie multi-stage optical amplifier of claim 1, wherein the one or more 

2 pump wavelengths X p are in the range of 1 300 to 1530 run. 

1 ^9. The multi-stage optical amplifier of claim 1, wherein the plurality of 

2 signa^wavelengths A, s is in the range of 1430 to 1530 nm. 

1 / 30. The multi-stage optical amplifier of claim 1, wherein the first lossy 

2 / member is an optical isolator. 

r 1 31. The multi-stage optical amplifier of claim 1 , wherein the first lossy 

2 member is an add/drop multiplexer. 
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32. The multi-stage optical amplifier of claim 1, wherein the first loj 
member is a gain equalization member. 

33. The multi-stage optical amplifier of claim 1, wherein th^first lossy 
member is a dispersion compensation element. 

34. The multi-stage optical amplifier of claim 1, wjffrein at least a portion of 
at least one of the first and second Raman amplifier fibers a dispersion compensating 
fiber. 

35. The multi-stage optical amplifier of^Taim 34, wherein at least a portion 
of the first and second Raman amplifier fibers arp dispersion compensating fibers. 

36. The multi-stage optical ^plper of claim 1, wherein the second length 
of amplifier fiber has a higher gain than meJirst length of amplifier fiber. 

37. The mffilti-stage optical amplifie^f claim 1, further comprising: 

at least one WD^fcouplerJ^ouple a pump path from the signal input 
port to the signal output porU 

38. The multistage qn^al amplifier of claim 1, further comprising: 



a pun?fp source coupled to the pump input port. 

39. T^ne multi-stage optical amplifier of claim 1, further comprising: 

at least one laser diode pump source coupled to the pump input port. 

fO. The multi-stage optical amplifier of claim 1, further comprising: 

a second lossy member coupled to the pump shunt. 

41 . The multi-stage optical amplifier of claim 1 , wherein the pump shunt 
includes an optical fiber. 
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42. A multi-stage optical amplifier, comprising: 

an optical fiber including a first length of Raman amplifie^fiber and a second 
length of Raman amplifier fiber, the optical fiber configured terbe coupled to a signal 
source that produces a plurality of signal wavelengths X s ana a pump source that 
produces one or more pump wavelengths X p , the one or inore pump wavelengths X p 
being less than at least a portion of the plurality of sippaal wavelengths X s9 wherein at 
least a portion of at least one of the first length ofjCaman amplifier fiber and the second 
length of Raman amplifier fiber is a dispersioryeompensating fiber; 

a signal input port couf^ed to the (Wtical fiber; 

a signal output port coupled to^the optical fiber; 

a pump input port coupled™ tnkoptical fiber; 

a first lossy member^oupled to the optical fiber and positioned between the first 
and second lengtfls of Rajflan amplifi^rfiber, the first lossy member being lossy in at 
least one directioi^ anc 

a pump slytfra coupled^o the optical fiber, wherein at least a portion of the one 
or more pump j^avelehgSfs X p is coupled between the first length of Raman amplifier 
fiber and thereecond length of Raman amplifier fiber. 



1 48. The multi-stage optical amplifier of claim 42, wherein the pump input 

2 port ^positioned between the first and second lengths of Raman amplifier fiber. 



1 / 44. The multi-stage optical amplifier of claim 42, wherein an optical fiber 

2 ybut-off wavelength of at least one of the first length of Raman amplifier fiber and the 
second length of Raman amplifier fiber is less than the one or more pump wavelengths 

v 
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1 45. The multi-stage optical amplifier of claim 42, wherein aU^ast a portion 

2 of the first length of Raman amplifier fiber and the second length o£Kaman amplifier 

3 fiber are dispersion compensating fibers. 

1 46. The multi-stage optical amplifier of claimJ5, wherein the dispersion 

2 compensating fiber has a magnitude of dispersion of a^least 50 psec/(nm) (km) for at 

3 least a portion 

4 of the plurality of signal wavelengths X s 

1 47. The multi-stage optical amplifier of claim 42, wherein the dispersion 

2 compensating fiber has ^magnitude ojrciispersion less than 50 psec/(nm) (km) for at 

3 least a portion 

4 of the plurality of signal waveftmgths X s 

1 48. The multi-stageoptical amplifier of claim 42, further comprising: 

2 a distmbuted Ionian amplifier coupled to the signal input port. 

1 49. The muni-stage onncal amplifier of claim 48, wherein at least a portion of 

2 the pump shunts positi^ed between the distributed Raman amplifier and the signal 

3 input port. 

1 50fA multi-stage optical amplifier, comprising: 

2 X an optical fiber including a first length of Raman amplifier fiber and a second 

3 lengflh of Raman amplifier fiber, the optical fiber configured to be coupled to a signal 

4 source that produces a plurality of signal wavelengths X, s and a pump source that 

5 /produces one or more pump wavelengths X p , the one or more pump wavelengths X p 
6/ being less than at least a portion of the plurality of signal wavelengths X s ; 

a signal input port coupled to the optical fiber; 



8 



a signal output port coupled to the optical fiber; 
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a pump input port coupled to the optical fiber; 

a first lossy member coupled to the optical fiber and positioned between the first 
and second lengths of Raman amplifier fiber, the first lossy member being lossy in at 
least one direction; 

a pump shunt coupled to the optical fiber, wherein at least a po$on of 
the one or more pump wavelengths X p is coupled between the first length g^laman 
amplifier fiber and the second length of Raman amplifier fiber; and 

at least a first pump source coupled to pump input port, thjrat least first pump 
source including multiple pump sources with outputs that are gj^mbined using at least 
one of wavelength and polarization multiplexing. 

5 1 . The multi-stage optical amplifier of cl^fm 50, wherein the pump input 
port is positioned between the first and second lengths of Raman amplifier fiber. 

52. The multi-stage optical amolmer of claim 50, wherein the pump shunt is 
coupled to the signal input port and the ^gna^autput port. 



S3. The mulm-stage optical amplifier of clainTSO, wherein the at least first 
pump source includes multiple jfump sources yith outputs that are combined using 
wavelength and polari^tioiymultiplexing. A 



Kb 



54. The multi^l^ee optical apnplifier of claim 50, further comprising: 
2 a distribute! Raman amplifier coupled to the signal input port. 

1 55.1me multi-stage optical amplifier of claim 54, wherein at least a portion of 

2 the pumpshunt is positioned between the distributed Raman amplifier and the signal 

3 inpyj^ort. 

56. A multi-stage optical amplifier system, comprising: 
a plurality of transmitters that produce a plurality of signal wavelengths X s . 
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3 a multi-stage optical amplifier including, I 

4 an optical fiber with a first lengtlyof Raman amplifier 

5 fiber and a second length of Raman amplifier fiber, the optical 

6 fiber coupled to the plurality of tramfmitters and configured to be 

7 coupled to a pump source that produces one or more pump 

8 wavelengths \, wherein the on£ or more pump wavelengths X p 

9 are less than at least a portio^f of the plurality of signal 

10 wavelengths A, s , at least apportion of the plurality of wavelengths 

11 X s of the first Raman amplifier fiber having an optical noise 

p 12 figure of less than 8 *IB and less than an optical noise figure of 

O 13 the seconkRama^amplifier fiber, and at least a portion of the 

j^yH 14 plurality of smn^fl wavelengths X s of the second Raman amplifier 

^^Ci 15 fiber having a^m level of at least 5 dB; 

W s i3 16 t a signal input port coupled to the optical fiber, 

B 17 f A signal o^put port coupled to the optical fiber; 

!Te I / / 

18 I / a punafp input port coupled to the optical fiber; 

19 \f a iarst lossy member coupled to the optical fiber and 

20 / po^ti^ed between the first and second lengths of Raman 

21 / amplifier fiber, the first lossy member being lossy in at least one 

22 / direction, 

23 / a pump shunt coupled to the optical fiber, wherein at least 

24 / a portion of the one or more pump wavelengths X p is coupled 

25 / between the first length of Raman amplifier fiber and the second 

26 f length of Raman amplifier fiber; and 

27 / a plurality of receivers coupled to the multi-stage optical amplifier. 
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1 57. The multi-stage optical amplifier system of claim 56, wfeerein the pump 

2 input port is positioned between the first and second lengths of Raman amplifier fiber. 

1 58. The multi-stage optical amplifier system of clausn 56, wherein the pump 

2 shunt is coupled to the signal input port and the signal outpift port. 

1 59. The multi-stage optical amplifier system ofl&aim 56, further comprising: 

2 a distributed Raman amplifier coupled to tire signal input port. 
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60. The multi-stage optical amplifier system of claim 59, wherein at least a 
portion of the pump shunt is positioned bej^een the distributed Raman amplifier and 
the signal input port. 

61. The multi-stagk optical amplifier system of claim 56, wherein the multi- 
stage optical amplifier is an in-m^ amplifier. 

62. Th® multi-stage optical amplifier system of claim 56, wherein the multi- 
stage optical amplifier is jfboostei^mplifier. 

63. The mpti-stag^optical amplifier system of claim 56, wherein the multi- 
stage optical amplifier is a pre-amplifier. 



1 64. jfhe multi-stage optical amplifier system of claim 56, wherein the 

2 plurality of gjfceivers are directly coupled to the multi-stage optical amplifier. 



1 

2 

3 X* 



A multi-stage optical amplifier system, comprising: 



a plurality of transmitters that produce a plurality of signal wavelengths 



6 
7 



a multi-stage optical amplifier, including, 

an optical fiber including a first length of Raman 
amplifier fiber and a second length of Raman amplifier fiber, the 
optical fiber coupled to the plurality of tranmitters and 
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configured to be coupled to a pump source that produces one or 
more pump wavelengths A, p , the one or more pump wavelengths 
X p being less than at least a portion of the plurality o^ignal 
wavelengths A, s , and an optical fiber cut-off wavelength of at least 
one of the first length of Raman amplifier fiber and the second 
length of Raman amplifier fiber that is lesjrchan the one or more 
pump wavelengths X p 

a signal input port coupledjS the optical fiber, 

a signal output port coupled to the optical fiber, 

a pum\ input porWcoupled to the optical fiber, 

a first los\member coupled to the optical fiber and 
positioned betwe^nlhe first and second lengths of Raman 

iplifier fibe^he firsn^ssy member being lossy in at least one 
lirection, 



22 
23 
24 
25 

26 



fpump shunkcbupled to the optical fiber, wherein at least 
Dortfbn of the onje or more pump wavelengths X p is coupled 
bej^/een the firsf length of Raman amplifier fiber and the second 
*ngti*of Ra^fan amplifier fiber; and 

a ph&ality of receivers coupled to the multi-stage optical amplifier. 



1 66. jfhe multi-stage optical amplifier system of claim 65, wherein the pump 

2 input port is positioned between the first and second lengths of Raman amplifier fiber. 

1 6]F. The multi-stage optical amplifier system of claim 65, wherein the pump 

2 shunti§ coupled to the signal input port and the signal output port. 



1 / 68. The multi-stage optical amplifier system of claim 65, wherein optical 

2 Aber cut-off wavelengths of the first length of Raman amplifier fiber and the second 
3/ length of Raman amplifier fiber are less than the one or more pump wavelengths X p 
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69. The multi-stage optical amplifier system of claim 65, fUrther comprising: 
a distributed Raman amplifier coupled to the signal input port. 

70. The multi-stage optical amplifier system of claim 69, wnerein at least a 
portion of the pump shunt is positioned between the distribute<^Raman amplifier and 
the signal input port. 

71 . The multi-stage optical amplifier systen^6f claim 69, wherein the multi- 
stage optical amplifier is an in-line amplifier. 

72. The multi-stage optical amplifiejj^ystem of claim 69, wherein the multi- 
stage optical amplifier is a booster amplifier^ 

73. The multi-stage \ptical amplifier system of claim 69, wherein the multi- 
stage optical amplifier is a pre-amWifu 

74. The mrfti-stage opMcal^mplifier system of claim 69, wherein the 
plurality of receiverslare directl^coupled t(^the multi-stage optical amplifier. 

75. A multi-Jtage apical ampiyfter system, comprising: 
a plurality of ramismitters tMit produce a plurality of signal wavelengths X s . 



a multi-stage opt 



lplifier including, 



4 
5 
6 
7 
8 
9 
10 



an optical fiber including a first length of Raman amplifier fiber 
and a second length of Raman amplifier fiber, the optical fiber coupled 
to the plurality of transmitters and configured to be coupled to a pump 
source that produces one or more pump wavelengths A, p , the one or more 
pump wavelengths A, p being less than at least a portion of the plurality of 
signal wavelengths X s9 wherein at least a portion of at least one of the 
first length of Raman amplifier fiber and the second length of Raman 
amplifier fiber is a dispersion compensating fiber, 
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a signal input port coupled to the optical fiber, f 

a signal output port coupled to the optical fiber, I 

a pump input port coupled to the optical fiber, f 

a first lossy member coupled to the opticabnber and positioned 
between the first and second lengths of Raman^mplifier fiber, the first 
lossy member being lossy in at least one direction, 

a pump shunt coupled to the optical fiber, wherein at least a 
portion of the one or more pump wa^relengths X p is coupled between the 
first length of Raman amplifier fi^er and the second length of Raman 
amplifier fiber; and X 

a plurality of receivers coW>le(Lrc> the multi-stage optical amplifier. 

76. The multi-stage oDjnc^^mplifier system of claim 75, wherein the pump 
input port is positioned between the firsta^d second lengths of Raman amplifier fiber. 

77. The multistage opticjfl amplifier system of claim 75, wherein an optical 
fiber cut-off wavel Jngm of at least^ne of the first length of Raman amplifier fiber and 
the second length^m Raman an^plifier fiber is less than the one or more pump 
wavelengths Xjf 

78Yihe multi-stage optical amplifier system of claim 75, wherein at least a 
portioiyof the first length of Raman amplifier fiber and the second length of Raman 
amnJMier fiber are dispersion compensating fibers. 

f 79. The multi-stage optical amplifier system of claim 75, wherein the 
dispersion compensating fiber has a magnitude of dispersion greater than 50 psec/(nm) 
-(km) for at least a portion of the plurality of signal wavelengths X s 
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1 80. The multi-stage optical amplifier system of claim 75, where^ithe 

2 dispersion compensating fiber has a magnitude of dispersion less than 5p psec/(nm) 

3 (km) for at least a portion 

4 of the plurality of signal wavelengths X s 

1 81. The multi-stage optical amplifier system of clai^n 75, further comprising: 

2 a distributed Raman amplifier coupled to the sLpial input port. 
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82. The multi-stage optical amplifier sy step of claim 81, wherein at least a 
portion of the pump shunt is positioned betweejfthe distributed Raman amplifier and 
the signal input port. 

83. The multi-stage optical a^pli^r system of claim 75, wherein the multi- 
stage optical amplifier is anfln-line an^plifier. 

84. The multi-smge onncal amplifi^system of claim 75, wherein the multi- 
stage optical amplifier is apoo^ter amplified 

85. The multi-sJIge opligm amplifier system of claim 75, wherein the multi- 
stage optical amplifier i/a pre-amplifier. 



1 86. Thejffiulti-stage optical amplifier system of claim 75, wherein the 

2 plurality of recey^rs are directly coupled to the multi-stage optical amplifier. 
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87. Annulti-stage optical amplifier system, comprising: 

plurality of transmitters that produce a plurality of signal wavelengths X s . 

a multi-stage optical amplifier including, 

an optical fiber including a first length of Raman amplifier fiber 
and a second length of Raman amplifier fiber, the optical fiber coupled 
to the plurality of transmitters and configured to be coupled to a pump 
source that produces one or more pump wavelengths X, p , the one or more 
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pump wavelengths X p being less than at least a portion of the pl^mlity of 
signal wavelengths A, s , 

a signal input port coupled to the optical fiber, 

a signal output port coupled to the opticaMiber, 

a pump input port coupled to the op^fcal fiber, 

a first lossy member coupled to^he optical fiber and positioned 
between the first and second lengths of Raman amplifier fiber, the first 
lossy member being lossy in ai^Cast one direction, 

a pump shun^ouored to the optical fiber, wherein at least a 
portion of the one or rn^e pump wavelengths \ is coupled between the 
first length of Ram^f amplm^r fiber and the second length of Raman 
amnJffier fiber, 

at lea^t a first pump source coupled to pump input port, the at 
les&t first jmmp source inpftiding multiple pump sources with outputs 
thai ar^ombined usiijg at least one of wavelength and polarization 
multiplexing; and 



a plurality of i 



coupled to the multi-stage optical amplifier. 



1 88. / The multi-stage optical amplifier system of claim 87, wherein the pump 

2 input poryfs positioned between the first and second lengths of Raman amplifier fiber. 

1 /89. The multi-stage optical amplifier system of claim 87, wherein the pump 

2 shujft is coupled to the signal input port and the signal output port. 

1 / 90. The multi-stage optical amplifier system of claim 87, wherein at least 

2 / first pump source includes multiple pump sources with outputs that are combined using 
wavelength and polarization multiplexing. 



91. The multi-stage optical amplifier system of claim 87, further comprising: 
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2 a distributed Raman amplifier coupled to the signal input port. 

1 92. The multi-stage optical amplifier system of claim 91, wherein ajtfeast a 

2 portion of the pump shunt is positioned between the distributed Ramai^mplifier and 

3 the signal input port. 

1 93 . The multi-stage optical amplifier system of clajj£ 87, wherein the multi- 

2 stage optical amplifier is an in-line amplifier. 



1 94. The multi-stage optical amplifier syst^n of claim 87, wherein the multi- 

2 stage optical amplifier is a booster amplifier. 

u 

y 1 95. The multi-stage Statical amplifier system of claim 87, wherein the multi- 

^| O 2 stage optical amplifier is a pre-an^ifier^ 

1 96. The multi-stage optiod^mplifier system of claim 87, wherein the 

2 plurality of receivers are directly^oupled tfothe multi-stage optical amplifier. 

1 97. A mwlti-stage optical amplifier, comprising: 

2 an optical fiber including zynrst length of Raman amplifier fiber and a second 

3 length of Ramaa amnnfier fibej^he optical fiber configured to be coupled to a signal 

4 source that produces a plurality of signal wavelengths \ and a pump source that 

5 produces one ojm ^e pug dp wavelengths X p9 the one or more pump wavelengths X p 

6 being less th^n at least a portion of the plurality of signal wavelengths X S9 wherein at 

7 least a potion of at least one of the first length of Raman amplifier fiber and the second 

8 lengtlyof Raman amplifier fiber is a fiber with a selected small effective core area and 

9 higjf germanium doping to provide an enhancement of a Raman gain coefficient; 

10 / a signal input port coupled to the optical fiber; 

a signal output port coupled to the optical fiber; 



m 
□ 



12 



a pump input port coupled to the optical fiber; 
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a first lossy member coupled to the optical fiber and positioned between^S first 
and second lengths of Raman amplifier fiber, the first lossy member being lo^sy in at 
least one direction; and 

a pump shunt coupled to the optical fiber, wherein at least a/p*brtion of the one 
or more pump wavelengths X p is coupled between the first lengjjifof Raman amplifier 
fiber and the second length of Raman amplifier fiber. 

98. The multi-stage optical amplifier of claim 97, wherein the pump input 
port is positioned between the first and second lengms of Raman amplifier fiber. 

99. The multi-stage opticareunplifi^r of claim 97, wherein an optical fiber 
cut-off wavelength of at least one of the^fij^t length of Raman amplifier fiber and the 
second length of Raman amplifier fibers Ifess than the one or more pump wavelengths 

K f / \ 

100. The multi-stag^optical amplifier of claim 97, wherein at least a portion 
of at least one of the ffrst length of Raman amplifier fiber and the second length of 
Raman amplifier fiberts y^ispersio^ompensating fiber. 

101 . The n^lfl^stagg^ptical amplifier of claim 97, wherein at least a portion 
of at least one of^ne first length of Raman amplifier fiber and the second length of 
Raman amplifier fiber is a dispersion compensating fiber. 

102. A multi-stage optical amplifier system, comprising: 

/ a plurality of transmitters that produce a plurality of signal wavelengths X s . 

/ a multi-stage optical amplifier including, 

an optical fiber including a first length of Raman amplifier fiber 
and a second length of Raman amplifier fiber, the optical fiber coupled 
to the plurality of transmitters and configured to be coupled to a pump 
source that produces one or more pump wavelengths X p , the one or more 
pump wavelengths X p being less than at least a portion of the plurality of 
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signal wavelengths k s , wherein at least a portion of at least one of the 
first length of Raman amplifier fiber and the second length of Ra 
amplifier fiber is a fiber with a selected small effective core^^a and 
high germanium doping to provide an enhancement o£s& Kaman gain 
coefficient, 



14 



a signal input port coujpled to th^ptical fiber, 



15 



a signajf output port cc 



to the optical fiber, 



16 




a pump inpu^ort coupled to tlra optical fiber, 

a fijpJ<(ossy memh^^oupled to the optical fiber and positioned 
betwe^rai^first an^econd lengths of Raman amplifier fiber, the first 
£sy member being lossy in at least one direction, 

a pump shunt coupled to the optical fiber, wherein at least a 
portion of the one or more pump wavelengths X p is coupled between the 
first length of Raman amplifier fiber and the second length of Raman 
amplifier fiber; and 

a plurality of receivers coupled to the multi-stage optical amplifier. 
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